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1 . Real Party in Interest. 

The real party in interest in this appeal is Encelle, Inc., the assignee of the above- 
referenced patent application. 



2 . Related Appeals and Interferences. 

There are no related appeals and/or interferences involving this application or its subject 

matter. 



3. Status of Claims. 

Claims 1-55 are pending and all claims stand rejected as unpatentable over two separate 
combinations of three prior art references as set forth in greater detail below. Additionally, 
claims 1-29, 31-42, 46-48, 50, 51, 54, and 55 stand rejected under an obviousness-type double 
patenting rejection over a combination of three references. All three rejections are appealed 
herein. 
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4. Status of Amendments. 

All claim amendments presented during prosecution were entered and are set forth in the 
clean copy of the pending claims appended to the brief Claims 1, 32, and 48 have been 
amended once during prosecution. Claims 52-55 were added during prosecution. 

5 . Summary of Claimed Subject Matter. 

It has been discovered that the hydrogel matrix set forth in the claims is capable of 
successfully treating and healing chronic ulcers, such as ulcers resulting from diabetes-related 
vasculoneuropathy. Although ulcers of this type are often resistant to conventional wound 
treatments, the method of the present invention can heal chronic lesions or ulcers in a matter of 
days or weeks. The present invention typically involves the administration of a therapeutic 
amount of a hydrogel matrix comprising gelatin and a long chain carbohydrate to the ulcer in a 
manner that exposes polar groups of the basement membrane of the patient's tissue to the 
components of the matrix (e.g., by injection). 

Independent claim 1 is directed to a method of treating an ulcer, the method comprising 
administering a therapeutic amount of a hydrogel matrix in liquid form to the ulcer, the matrix 
composition comprising gelatin and a long chain carbohydrate. The gelatin component of the 
matrix is described on pages 6-7 of the application and the long chain carbohydrate component is 
described on page 7. Preferred matrix ingredient concentrations and a method of making the 
matrix are set forth on page 9, and an exemplary treatment/administration protocol is set forth on 
pages 10 and 1 1 . An illustrative list of ulcers that can be treated is set forth on page 6. 

Independent claim 32 also recites a method of treating an ulcer, the method comprising 
administering a therapeutic amount of a hydrogel matrix to the ulcer, the matrix composition 
comprising denatured collagen, dextran, and an effective amount of polar amino acids selected 
from the group consisting of arginine, lysine, histidine, glutamic acid, aspartic acid, and mixtures 
thereof Denatured collagen is a form of gelatin, and is discussed on page 6. Dextran is an 
exemplary carbohydrate discussed on page 7. The addition of polar amino acids is described on 
pages 7-8, and their effect is illustrated in Fig. 3. 
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Independent claim 48 is directed to a method of treating an ulcer comprising 
administering a therapeutic amount of a hydrogel matrix in liquid form to the ulcer, the matrix 
composition comprising denatured collagen, dextran, L-cysteine, and an effective amount of 
polar amino acids selected from the group consisting of arginine, lysine, histidine, glutamic acid, 
aspartic acid, and mixtures thereof The use of cysteine as an additive is set forth on page 8. 

Finally, independent claim 52 recites a method of treating an ulcer, wherein the method 
comprises administering a therapeutic amount of a hydrogel matrix in liquid form to the ulcer, 
the matrix composition comprising gelatin, a long chain carbohydrate having a molecular weight 
of about 20,000 to about 1,000,000 Daltons, and at least one polar amino acid, wherein said 
administering step comprises injecting the matrix into one or more locations selected from the 
group consisting of locations within the ulcer, locations around the periphery of the ulcer, 
locations underneath the ulcer, and combinations thereof Suggested injection locations are 
described on pages 10 and 11, and in Example 3. 

6. Grounds of Rejection to be Reviewed on Appeal 

Claims 1-55 stand rejected under 35 U.S.C. 103(a) as being unpatentable over the 
combination of U.S. Patent No. 6,231,881 to Usala in view of the Miller reference (J. Dermatol. 
Surg. Oncol, 1993), and in further view of either the Davis (U.S. 5,487,899) or Pickart 
(U.S.5,059,588) patents. 

Claims 1-55 stand rejected under 35 U.S.C. 103(a) as being unpatentable over the 
combination of PCX Application No. WO 00/02999 to Usala in view of the Miller reference (J. 
Dermatol. Surg. Oncol, 1993), and in frirther view of either the Davis (U.S. 5,487,899) or 
Pickart (U.S.5,059,588) patents. 

Claims 1-29, 31-42, 46-48, 50, and 51 stand rejected under the judicially created doctrine 
of obviousness-type double patenting as being patentable over the claims of U.S. Patent No. 
6,261,587 in view of the above-noted Miller reference, and in further view of either of the above- 
noted Davis or Pickart references. 

The '881 patent, the '587 patent, and the cited PCX application are collectively referred 
to as "the Usala references" hereinbelow. Appellant respectfully requests that the Board 
overturn all three rejections for the reasons set forth below. 
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7. Argument. 

I. The Obviousness Rejection Based on U.S. Patent No. 6,231,881 to Usala is 
Improper 

The Examiner argues that the Miller reference implies that "granulation and 
reepithelialization of an ulcer is desired," and further relies upon the Miller reference as teaching 
that agents that encourage wound healing can be used in the treatment of ulcers. The Examiner 
concludes that vascularization would be viewed, based on the Miller reference, as a beneficial 
treatment of ulcers because it is a "beneficial effect in granulation of tissue formation." The 
Examiner relies upon the Davis and Pickart references as teaching that blood vessel formation is 
an aspect of granulation tissue formation. 

To establish a prima facie case of obviousness, three basic criteria must be met. First, 
there must be some suggestion or motivation either in the references themselves, or in the 
knowledge generally available to one of ordinary skill in the art, to modify the reference or to 
combine reference teachings. Second, there must be a reasonable expectation of success. 
Finally, the prior art reference (or references when combined) must teach or suggest all the claim 
elements. The suggestion to make the claimed combination and the reasonable expectation of 
success must both be found in the prior art and not based on the applicant's disclosure. In re 
Vaeck, 20 USPQ2d 1438 (Fed. Cir. 1991). 

It is respectfully submitted that the Examiner has failed to establish a prima facie case of 
obviousness necessary to support all three of the rejections of record. In particular, the Examiner 
has failed to show a proper suggestion or motivation to combine the references in the manner 
contemplated by the rejection, failed to show a reasonable expectation of success, and failed to 
provide a combination of references that teach every claim limitation of every rejected claim. 
Due to the overlap in teachings of the Usala references, the discussion below applies to all three 
rejections. 

A. Lack of Motivation to Combine 

There is nothing in the cited art to suggest the combination of any of the Usala references 
with the Miller reference. As admitted by the Examiner, the '881 patent is entirely silent as the 
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treatment of any sort of ulcer. Rather, the Usala '881 patent is directed to a device for release of 
hormones. The '881 patent merely suggests that the matrix composition can increase 
vascularization. Similarly, the cited Usala PCX application is directed to a matrix for long-term 
proliferation of cells and simply mentions that the matrix may promote vascularization at a 
transplant site. There is no mention of treatment of any type of ulcer. The Usala '587 patent 
claims a method of stimulating vascularization, but does not mention treatment of ulcerated 
tissue. Thus, there is clearly no teaching in the Usala references that might motivate one of 
ordinary skill in the art to combine those references with the Miller reference. 

The Miller reference also fails to provide the necessary motivation to combine, and in 
particular, cannot be fairly viewed as motivating the use of the matrix of the Usala references in 
an ulcer treatment protocol. The Miller reference stresses the need for separate treatment 
protocols for the two main classes of diabetes-related ulcers; namely, ischemic ulcers and 
neuropathic ulcers. The Miller reference describes the ischemic ulcer as "secondary to vascular 
compromise" and notes that "without reconstructive vascular surgery ," the chances of healing is 
poor and amputation inevitable (page 759, second column, first full paragraph) (emphasis 
added). Similarly, the Miller reference suggests that an ischemic foot can be treated with vein 
graft reconstruction (page 760, first paragraph). 

With respect to neuropathic ulcers, the Miller reference actually teaches away from 
vascularization-related treatments by suggesting that it is mistaken to consider occlusive small 
vessel disease as having a significant role in chronic nonhealing neuropathic ulcers (page 759, 
last paragraph). Miller suggests that "intrinsic microvascular disease" is not a major etiologic 
factor in the neuropathic foot (page 760, first paragraph). 

Thus, the Miller reference merely suggests that in certain ulcers, specifically ischemic 
ulcers, vascular repair in the form of reconstructive vascular surgery is required to avoid 
amputation. For the treatment of neuropathic ulcers, the Miller reference suggests tissue 
debridement and relief from pressure at the site of the ulcer and teaches away from vascular- 
related therapies. 

As noted above, at best, the Usala references can be viewed as suggesting that the matrix 
described therein can promote formation of microvasculature. However, the Miller reference 
fails to teach or suggest that a treatment involving microvascular formation would be suitable for 
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ulcer treatment. With respect to neuropathic ulcers, the Miller reference expressly discounts the 
suggestion that microvascular disease is an etiologic factor and, thus, teaches away from 
vascular-related treatments. The "vascular repair" language relied upon by the Examiner is only 
used by Miller in reference to the treatment of ischemic ulcers secondary to major vascular 
compromise in the foot. Miller stresses that the type of vascular repair that is required is 
reconstructive vascular surgery , and there is nothing in the Miller reference that would suggest 
that a microvasculature-forming matrix would be helpful in the least. Thus, there is no teaching 
or suggestion in the Miller reference, when considered singly or in combination with the Usala 
references, that a matrix comprising gelatin and a long chain carbohydrate would be suitable for 
ulcer treatment. 

In response to Appellant's previous arguments, the Examiner has taken the position that 
the Miller article teaches that an ulcer heals through tissue granulation and reepithelialization and 
has alleged that the Miller reference suggests numerous agents that can be administered to the 
ulcer to provide an optimal environment for healing. The Examiner goes on to allege that the 
Miller reference teaches that antibiotics and growth factors result in the stimulation of 
granulation of tissue, and that it is well known that granulation of tissue consists of new blood 
vessel formation, fibroblast activity, and reepithelialization, as evidenced by Davis or Pickart. 
The Examiner concludes that one of ordinary skill in the art would be motivated by the Miller 
reference to use the hydrogel matrix of the Usala references of record to treat diabetic foot ulcers 
because, based on the prior art, "one would expect vascularization to lead to granulation of the 
tissue and ultimate treatment of the ulcer." Appellant respectfully traverses this line of 
reasoning, and particularly traverses the statement quoted above. 

Appellant respectfully submits that the Miller reference would not be viewed by one of 
ordinary skill in the art as providing motivation to use the hydrogel matrix described in the Usala 
references in the treatment of a diabetic ulcer. While the Examiner is correct that page 761 of 
the Miller reference contains a single sentence that addresses granulation tissue and 
reepithelialization, the reference only mentions those effects as a consequence of surgical 
debridement of necrotic tissue. This specific sentence referred to on page 761 by the Examiner 
states that "[njecrotic tissue and callus must be completely excised to provide a clean ulcer base 
in preparation for a granulation tissue and reepithelialization." The only motivation that this 
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sentence provides to one skilled in the art is to utilize tissue debridement as a means for 
preparing an ulcer for granulation tissue and reepithelialization. There is no mention on page 
761 of any other ulcer treatment that is designed to have any effect on granulation tissue or 
reepithelialization. Thus, the teachings on page 761 are irrelevant to the presently claimed 
invention. 

The teachings relied upon by the Examiner on page 762 are likewise irrelevant to the 
present invention. The Examiner states that the Miller reference teaches that "antibiotics and 
growth factors" result in stimulation of granulation of tissue. However, this is not entirely 
accurate. Page 762 of the Miller reference teaches that a moist environment promotes 
reepithelialization. For that reason, the Miller reference teaches the use of moist saline 
dressings, the use of antibiotics to prevent desiccation of the wound base, and benzoyl peroxide 
to promote a moist antiseptic wound bed. The Miller reference focuses on treatments designed 
to keep the wound moist and never states that antibiotics directly lead to reepithelialization or 
granulation tissue. Page 762 of Miller does state that benzoyl peroxide "might" stimulate 
granulation tissue, but such an ambivalent statement can hardly be expected to motivate one of 
ordinary skill in the art in any way meaningful to the present invention. The only teaching in 
Miller regarding growth factors is a single sentence that states that such factors attract fibroblasts 
and other cells involved in the early phases of wound healing. The reference does not state that 
growth factors lead to tissue granulation. 

Thus, it is respectfully submitted that the Examiner appears to have described the 
teachings of the Miller reference in overly broad terms. There is clearly no express teaching in 
the Miller reference that would suggest that an agent that increases vascularization would lead to 
granulation of tissue and ultimate treatment of an ulcer. In fact, the Miller reference fails to 
suggest or describe any ulcer treatments that lead to vascularization and does nothing to indicate 
that such treatments would be helpful. 

The Examiner goes on to rely upon either the Davis or Pickart patents as teaching that 
granulation of tissue consists of new blood vessel formation, fibroblast activity, and 
reepithelialization. However, these teachings fail to address the deficiencies of the Miller 
reference. Davis and Pickart merely describe the cascade of events involved in wound healing 
and note that formation of blood vessels is only one aspect of granulation tissue formation. The 
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Davis and Pickart references suffer from the same deficiency as Miller. There is nothing in 
either Davis or Pickart to suggest that stimulation of micro vasculature by itself will stimulate 
wound healing. As noted in both references, granulation tissue formation involves other 
processes , such as fibroblast activity and reepithelialization. There is no suggestion in either 
reference that stimulation of blood vessel formation alone will automatically trigger the 
remaining wound healing processes (i.e., fibroblast activity or reepithelialization) that are 
necessary for tissue granulation. Thus, the art of record simply does not support the Examiner's 
statement that vascularization would be expected to lead to tissue granulation. 

In sum. Appellant again emphasizes that none of the references of record teach or suggest 
that improving microvasculature would necessarily result in stimulation of the wound healing 
process, particularly in the context of chronic ulcer treatment. The Miller reference does not 
even mention microvasculature formation at all. In light of these deficiencies of the cited art. 
Appellant respectfully requests that the Board overturn all rejections noted above. 

Appellants also note that the Examiner twice mentions that Appellant's arguments 
address distinctions not found in the claims. First, in the office action dated 1 1/30/04, the 
Examiner notes that Appellants make a distinction between neuropathic ulcers and ischemic 
ulcers, but opines that the distinction is not embodied in the claims. Second, in the advisory 
action dated 12/30/05, the Examiner states that the claims are open to any ulcer, but Appellant's 
arguments are concentrated on diabetic foot ulcers. It is not clear to Appellant why the Examiner 
has raised these points. The claims of record include claims that more specifically recite 
treatment of ulcers resulting from diabetes-related vasculoneuropathy (claim 53) and treatment 
of diabetic foot ulcers (claim 46). However, the Examiner has applied the same rejections to 
these claims. If the Examiner views such claims as patentable over the art, it is requested that the 
Examiner indicate their allowability on the record. 
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B. Lack of Reasonable Expectation of Success 

Appellant also respectfully submits that the Examiner has failed to establish that one of 
ordinary skill in the art would have a reasonable expectation of success if the references of 
record are combined as contemplated in the rejections. Appellant has submitted credible 
evidence that strongly suggests that the Examiner has not, and in fact cannot, show the requisite 
reasonable expectation of success needed to support the Examiner's contention that the 
combined teachings of the references motivate one to use any vascularizing agent to treat 
diabetic foot ulcers. 

The Examiner cannot point to so much as a single sentence in the Miller reference that 
directly suggests that an agent that encourages vascularization would be beneficial in an ulcer 
treatment regime. Instead, the Examiner has seized upon statements in Miller regarding the 
desirability of tissue granulation and boldly proclaimed, in essence, that the art suggest that any 
agent that encourages vascularization would be beneficial in ulcer treatment. In an attempt to 
further bolster this claim, the Examiner points to Davis and Pickart, which merely teach that 
blood vessel formation is one aspect of granulation tissue formation. 

The art relied upon by the Examiner simply fails to credibly suggest that a 
vascularization-inducing agent would have a reasonable expectation of success as an ulcer 
treatment. There is no reference of record directly connecting a vascularization effect with 
successful treatment of an ulcer. There is also no reference of record that suggests that 
encouraging vascularization will lead to granulation of tissue. The Pickart and Davis references 
only teach that blood vessel formation is one event that characterizes granulation of tissue. 
There is nothing to suggest in either reference that encouraging blood vessel formation will result 
in tissue granulation, meaning that the vascularization effect will necessarily also trigger the 
remaining wound healing processes, such as fibroblast activity or reepithelialization, that are 
necessary for tissue granulation. The art of record simply does not support the Examiner's 
statement that inducement of vascularization, by itself, would lead to tissue granulation or would 
be reasonably expected to be successful as an ulcer treatment. 

If the Examiner's contention is correct, which Appellant does not admit, then one of 
ordinary skill in the art would view any vascularizing agent as a beneficial treatment for ulcers. 
However, the state of the art is clearly inconsistent with this conclusion. In fact, there is at least 
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one known vascularizing agent that has been tried as a diabetic foot ulcer treatment and failed . 
In Chapter 18 of Levin and O'Neal's "The Diabetic Foot" (6'^ Edition), David Steed notes in 
Chapter 1 8 (entitled Modulating Wound Healing in Diabetes) that fibroblast growth factors 
(FGFs) "act as angiogenesis factors by stimulating growth of new blood vessels through 
proliferation of capillary endothelial cells" (p. 399). However, Steed goes on to admit that there 
are "no clinical trials that have proven FGF to be of benefit in clinical wound healing." 

In addition. Appellants direct attention to the Richard et al. reference appearing in a 1995 
issue of the journal Diabetes Care. In the Richard reference, a study of the use of FGF as a 
treatment for chronic neuropathic foot ulcers in diabetic patients is described. As noted on the 
first page (p. 64), the researchers noted that FGF performed no better than a placebo in reducing 
ulcer perimeter and area, and concluded that application of FGF has no advantage over a placebo 
for healing chronic neuropathic diabetic ulcers of the foot. Thus, Appellants have presented 
prior art evidence that is clearly contrary to the Examiner's conclusion that any vascularizing 
agent would be expected to succeed as an ulcer treatment. In fact, FGF is a vascularizing growth 
factor that has failed as a diabetic foot ulcer treatment. This clearly establishes that one of 
ordinary skill in the art, having benefit of the knowledge of the FGF failure, would not expect 
each and every agent capable of triggering vascularization to automatically find success as an 
ulcer treatment. In fact, one of ordinary skill in the art would be highly skeptical of such a claim. 
As a result, prima facie obviousness clearly cannot be established using the rationale and 
combination of references relied upon by the Examiner. 

In the advisory action, the Examiner pointed to two other studies mentioned on page 67 
in the Richard reference that supposedly support the Office's position. In one, a complex 
mixture of numerous ingredients significantly improved healing of chronic diabetic ulcers. 
However, no conclusion related to the rejections of record can be drawn from this study since 
there is no way to determine if the perceived healing effect is at all linked to a vascularizing 
agent. In the second study noted by the Examiner, bFGF was reported to enhance wound healing 
"slightly, but nonsignificantly " (emphasis added). The Examiner conveniently left out the word 
"nonsignificantly" from his description in the advisory action. This study hardly supports the 
rejections of record, particularly in light of the abysmal findings of the main study reported in the 
Richard reference. Viewing the Richard reference as a whole, the inescapable conclusion is that 
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the use of growth factors such as bFGF to treat chronic diabetic wounds is nothing more than 
unproven and "controversial" (page 67, middle column), and even the authors conclude that the 
profound healing defect of diabetes may explain the failure of bFGF to demonstrate beneficial 
effect (page 68). 

When viewed in its entirety, the available art simply does not support the Examiner's 
obviousness rationale. There is nothing that would render obvious the use of the vascularizing 
agent of the Usala references in the treatment of a diabetic ulcer, and in particular, there is 
nothing to provide one of ordinary skill in the art with the reasonable expectation of success 
required to support the rejections of record. 

C. Failure to Teach or Suggest All Claim Limitations 

Claims 45, 49, 52, and 53 recite that the matrix is injected into one or more locations selected 
from the group consisting of locations within the ulcer, locations around the periphery of the 
ulcer, locations underneath the ulcer and combinations thereof Claim 54 recites that one or 
more injections of the matrix are made in the area of the dermal/subdermal tissue junction. None 
of the references of record teach or suggest injecting an ulcer with a hydrogel matrix, and 
certainly fail to suggest any of the specific injection locations set forth in the above claims. 
Further, the Examiner has not adequately explained how the references of record can be applied 
to the above claims. For this additional reason. Appellant respectfully requests overturning the 
rejection of the above-referenced claims. 

IL The Obviousness Rejection Based on PCT Application No. WO 00/02999 to 
Usala is Improper 

As noted above, all of the arguments presented above with respect to the '881 Usala 
patent apply with equal force to the rejection based on the Usala PCT application. For this 
reason. Appellant respectfully requests that the Board overturn the rejection based on the PCT 
application as well. 
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III. The Obviousness-type Double Patenting Rejection is Improper 

As noted above, all of the arguments presented above with respect to the '881 Usala 
patent apply with equal force to the obviousness-type double patenting rejection based on the 
'587 Usala patent. For this reason. Appellant respectfully requests that the Board also overturn 
the rejection based on '587 Usala patent. 

8. Claims Appendix. 

An appendix containing a copy of the claims involved in the appeal is attached. 

9 . Evidence Appendix. 

Two literature references have been submitted to the Examiner, and are discussed herein: 
Richard et al. Diabetes Care, Vol. 18, No. 1, pages 64-69 (1995) and The Diabetic Foot . Sixth 
Ed., Chapter 18, pages 395-403 (2001). Copies are enclosed. 

1 0 . Related Proceedings Appendix. 

There are no decisions by a court or the Board in related proceedings. 

CONCLUSION 

In view of the foregoing arguments. Appellant respectfully submits that Claims 1-55 are 
patentable over the cited references. A decision from the Board of Patent Appeals and 
Interferences reversing the final rejection of the pending claims is therefore earnestly solicited. 

Respectfully submitted, 

/Christopher m. humphrey/ 

Christopher M. Humphrey 
Registration No. 43,683 
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Customer No. 00826 
ALSTON & BIRD LLP 

Bank of America Plaza 

101 South Tryon Street, Suite 4000 

Charlotte, NC 28280-4000 

Tel Raleigh Office (919) 862-2200 

Fax Raleigh Office (919) 862-2260 



ELECTRONICALLY FILED USING THE EFS-WEB ELECTRONIC FILING SYSTEM OF THE UNITED 
STATES PATENT AND TRADEMARK OFFICE ON JUNE 30, 2006. 
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CLAIMS APPENDIX 

1 . (Previously Presented) A method of treating an ulcer, comprising administering a 
therapeutic amount of a hydrogel matrix in liquid form to the ulcer, the matrix composition 
comprising gelatin and a long chain carbohydrate. 

2. (Original) The method of Claim 1, wherein the matrix comprises about 0.01 to about 
40 mM gelatin. 

3. (Original) The method of Claim 1, wherein the gelatin comprises denatured collagen. 

4. (Original) The method of Claim 1, wherein the long chain carbohydrate comprises 
dextran. 

5. (Original) The method of Claim 4, wherein the matrix comprises about 0.01 to about 
10 mM dextran. 

6. (Original) The method of Claim 1, wherein the long chain carbohydrate has a 
molecular weight of about 20,000 to about 1,000,000 Daltons. 

7. (Original) The method of Claim 1, wherein the matrix further comprises an effective 
amount of polar amino acids selected from the group consisting of arginine, lysine, histidine, 
glutamic acid, and aspartic acid. 

8. (Original) The method of Claim 7, wherein the effective amount of polar amino acids 
comprises about 3 to about 150 mM of polar amino acids. 

9. (Original) The method of Claim 7, wherein the effective amount of polar amino acids 
comprises about 10 to about 65 mM of polar amino acids. 
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10. (Original) The method of Claim 7, wherein the polar amino acids are selected from 
the group consisting of arginine, glutamic acid, lysine and mixtures thereof 

1 1 . (Original) The method according to claim 10, wherein the matrix comprises: 

about 2 to about 60 mM of L-glutamic acid; 
about 0.5 to about 30 mM of L-lysine; and 
about 1 to about 40 mM of arginine. 

12. (Original) The method of Claim 11, wherein the matrix comprises: 

about 5 to about 40 mM of L-glutamic acid; 
about 1 to about 15 mM of L-lysine; and 
about 1 to about 30 mM of arginine. 

13. (Original) The method according to claim 10, wherein the effective amount of polar 
amino acids comprises about 2 to about 60 mM of L-glutamic acid. 

14. (Original) The method according to claim 10, wherein the effective amount of polar 
amino acids comprises about 1 to about 40 mM of arginine. 

15. (Original) The method of Claim 10, wherein the effective amount of polar amino 
acids comprises about 0.5 to about 30 mM of L-lysine. 

16. (Original) The method of Claim 1, wherein the matrix further comprises at least one 
nitric oxide inhibitor. 

17. (Original) The method of Claim 16, wherein the nitric oxide inhibitor is selected 
from the group consisting of L-cysteine, L-arginine analogues, cystine, heparin, and mixtures 
thereof 
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18. (Original) The method of Claim 16, wherein the nitric oxide inhibitor is present in 
an amount of about 5 to about 1000 \xM. 

19. (Original) The method of Claim 16, wherein the nitric oxide inhibitor is present in 
an amount of about 20 to about 200 [iM. 

20. (Original) The method of Claim 1, wherein the matrix further comprises about 5 to 
about 500 [iM of L-cysteine. 

21 . (Original) The method of Claim 20, wherein the matrix comprises about 15 to about 
25 [iM of L-cysteine. 

22. (Original) The method of Claim 1, wherein the matrix further comprises about 5 to 
about 500 [iM of an L-arginine analogue. 

23. (Original) The method of Claim 22, wherein the L-arginine analogue comprises 
aminoguanidine. 

24. (Original) The method of Claim 22, wherein the matrix comprises about 15 to about 
25 [iM of an L-arginine analogue. 

25. (Original) The method of Claim 1, wherein the matrix further comprises a 
superoxide inhibitor. 

26. (Original) The method of Claim 25, wherein the superoxide inhibitor comprises 
EDTA or a salt thereof 

27. (Original) The method of Claim 25, wherein the superoxide inhibitor is present in an 
amount of about 1 to about 8 mM. 
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28. (Original) The method of claim 1, wherein the gelatin comprises denatured collagen 
and the long chain carbohydrate comprises dextran. 

29. (Original) The method of Claim 1, wherein said administering step comprises 
injecting the matrix into one or more locations selected from the group consisting of locations 
within the ulcer, locations around the periphery of the ulcer, locations underneath the ulcer and 
combinations thereof 

30. (Original) The method of Claim 1, wherein the therapeutic amount comprises about 
1.0 to about 60 ml. 

3 1 . (Original) The method of Claim 1 , wherein the ulcer is a diabetic foot ulcer. 

32. (Previously presented) A method of treating an ulcer, comprising administering a 
therapeutic amount of a hydrogel matrix to the ulcer, the matrix composition comprising 
denatured collagen, dextran, and an effective amount of polar amino acids selected from the 
group consisting of arginine, lysine, histidine, glutamic acid, aspartic acid, and mixtures thereof 

33. (Original) The method of Claim 32, wherein the effective amount of polar amino 
acids comprises about 3 to about 150 mM of polar amino acids. 

34. (Original) The method of Claim 33, wherein the effective amount of polar amino 
acids comprises about 10 to about 65 mM of polar amino acids. 

35. (Original) The method of Claim 32, wherein the polar amino acids are selected from 
the group consisting of arginine, glutamic acid, lysine and mixtures thereof 

36. (Original) The method according to claim 35, wherein the matrix comprises: 

about 2 to about 60 mM of L-glutamic acid; 
about 0.5 to about 30 mM of L-lysine; and 
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about 1 to about 40 mM of arginine. 

37. (Original) The method of Claim 32, wherein the matrix further comprises at least 
one nitric oxide inhibitor. 

38. (Original) The method of Claim 37, wherein the nitric oxide inhibitor is selected 
from the group consisting of L-cysteine, L-arginine analogues, cystine, heparin, and mixtures 
thereof 

39. (Original) The method of Claim 37, wherein the nitric oxide inhibitor is present in 
an amount of about 5 to about 1000 [iM. 

40. (Original) The method of Claim 37, wherein the nitric oxide inhibitor is present in 
an amount of about 20 to about 200 [iM. 

41 . (Original) The method of Claim 32, wherein the matrix further comprises about 5 to 
about 500 [iM of L-cysteine. 

42. (Original) The method of Claim 32, wherein the matrix further comprises about 5 to 
about 500 [iM of an L-arginine analogue. 

43. (Original) The method of Claim 32, wherein the matrix further comprises a 
superoxide inhibitor. 

44. (Original) The method of Claim 43, wherein the superoxide inhibitor comprises 
EDTA or a salt thereof 
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45. (Original) The method of Claim 32, wherein said administering step comprises 
injecting the matrix into one or more locations selected from the group consisting of locations 
within the ulcer, locations around the periphery of the ulcer, locations underneath the ulcer and 
combinations thereof 

46. (Original) The method of Claim 32, wherein the ulcer is a diabetic foot ulcer. 

47. (Original) The method of Claim 32, wherein said therapeutic amount comprises 
about 1 .0 ml to about 60 ml. 

48. (Previously presented) A method of treating an ulcer, comprising administering a 
therapeutic amount of a hydrogel matrix in liquid form to the ulcer, the matrix composition 
comprising denatured collagen, dextran, L-cysteine, and an effective amount of polar amino 
acids selected from the group consisting of arginine, lysine, histidine, glutamic acid, aspartic 
acid, and mixtures thereof 

49. (Original) The method of Claim 48, wherein said administering step comprises 
injecting the matrix into one or more locations selected from the group consisting of locations 
within the ulcer, locations around the periphery of the ulcer, locations underneath the ulcer and 
combinations thereof 

50. (Original) The method of Claim 48, wherein said therapeutic amount comprises 
about 1 .0 mL to about 60 mL. 

5 1 . (Original) The method of Claim 48, wherein the ulcer is a diabetic foot ulcer. 

52. (Previously presented) A method of treating an ulcer, comprising administering a 
therapeutic amount of a hydrogel matrix in liquid form to the ulcer, the matrix composition 
comprising gelatin, a long chain carbohydrate having a molecular weight of about 20,000 to 
about 1,000,000 Daltons, and at least one polar amino acid, wherein said administering step 
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comprises injecting the matrix into one or more locations selected from the group consisting of 
locations within the ulcer, locations around the periphery of the ulcer, locations underneath the 
ulcer, and combinations thereof 

53. (Previously presented) The method of Claim 52, wherein the ulcer is a foot ulcer 
resulting from diabetes-related vasculoneuropathy. 

54. (Previously presented) The method of Claim 1, wherein said administering step 
comprises one or more injections of the matrix in the area of the dermal/sub dermal tissue 
junction. 

55. (Previously presented) The method of Claim 1, further comprising the step of 
debriding the ulcer prior to said administering step. 
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EVIDENCE APPENDIX 



Two literature references have been submitted and are discussed herein: Richard et ah, 
Diabetes Care, Vol. 18, No. 1, pages 64-69 (1995) and The Diabetic Foot . Sixth Ed., Chapter 18, 
pages 395-403 (2001). 
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RELATED PROCEEDINGS APPENDIX 



There are no decisions by a court or the Board in related proceedings. 
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Chapter 




MODULATING WOUND 
HEALING IN DIABETES 



■ David L. Sfeed 



Diabetic foot ulcers are a serious problem 
that may lead to infection and loss of limb 
There are between 11 and 16 million patients 
with diabetes in the United States. Ten per- 
cent of diabetic patients may be at risk for 
the development of foot ulcers. Although 6 
to 10% of hospitahzations in diabetic pa- 
tients are for management of foot ulcers, 
these admissions account for nearly 25% of 
the hospital days in this patient group. There 
are 50,000 to 60,000 amputations performed 
m diabetic patients each year in the United 
fetates. The cost to society of caring for these 
patients is billions of dollars. 

Diabetic foot ulcers occur because of neu- 
ropathy and peripheral vascular disease, 
bixty to 70% of diabetic patients with foot 
ulcers have peripheral neuropathy as the eti- 
ology, while 15 to 20% have peripheral vascu- 
o^«^«,^P^^® another 15 to 

^0% have both. The neuropathy occurs as a 
comphcation of prolonged glucose elevation. 
It may be present in as many as 10% of pa- 
tients when diabetes is diagnosed and nearly 
half of diabetic patients who have had their 
disease for more than 20 years. Peripheral 
neuropathy has both sensory and motor com- 
ponents. The sensory neuropathy leads to a 
ioss of protective sensation in the foot. The 
motor neuropathy affects the nerves that 
control motion of the foot. Paralysis of the 



intrinsic muscles of the foot leads to a "claw" 
deformity of the foot where the toes are 
pulled up and do not touch the ground. This 
causes the metatarsal heads to become more 
prominent on the plantar surface and re- 
duces weight bearing from the toes. The 
metatarsal heads are a common site of plan- 
tar ulceration in diabetic patients. This is 
especially true for the areas beneath the first 
and fifth metatarsal heads. The patients can 
also develop midfoot collapse with loss of the 
plantar arch due to fractures and fracture 
dislocations. This Charcot neuroarthropathy 
may result in a markedly abnormal shape 
to the foot, which coupled with the sensory 
neuropathy, makes the diabetic patient at 
risk for skin breakdown. 

There are other factors that lead to ulcer- 
ation in diabetic patients. The patients com- 
monly have peripheral vascular disease. Dia- 
betes is a commonly accepted risk factor for 
atherosclerosis as are smoking, hyperlipid- 
emia, and hypertension. Although there was 
once^debate as to whether diabetic patients 
had "small vessel disease" with occlusion of 
very small vessels, that theory has not been 
upheld. Most would agree that diabetic pa- 
tients are at increased risk for typical athero- 
sclerosis. They do seem to develop a pattern 
of disease commonly involving the tibial ar- 
teries. Other problems in diabetic patients 
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also complicate the problem of foot ulceration 
such as some thinning of the skin of the plan- 
tar surface of the foot and an inability to deal 
well with infection. 



Wound Healing 

Wound healing is the process by which tis- 
sues respond to an injiiry. The biologic pro- 
cess is complex and involves chemotaads, cell 
repheation, production of proteins, neovascu- 
larization, maturation, and wound remodel- 
ing. Wound repair and regeneration occur in 
an orderly and predictable manner and are 
under the control of growth factors, which 
though present in the body in only small 
amounts, exert a strong influence on wound 
repair.'^ Growth factors are polypeptides 
that regulate the growth, differentiation, and 
metabolism of cells and direct the process of 
tissue repair. 

Wound healing occurs in three phases: in- 
flammation, fibroplasia, and maturation. 
Each of these phases is controlled by growth 
factors. The inflammatory response begins 
immediately after injury. Vasoconstriction 
limits hemorrhage within the site of wound- 
ing.^^ Damage to the endothelial surface of 
arteries and veins allows blood to leak from 
the vessel wall, exposing platelets to collagen 
within the media of the vessel wall. The coag- 
ulation cascade is initiated by these plate- 
lets. Serotonin and thromboxane are re- 
leased to enhance vasoconstriction locally to 
keep healing factors within the womid space. 
At nearly the same time, vasodilatation oc- 
curs at adjacent sites to allow new factors to 
be brought into the wound. This vasodilata- 
tion is mediated by histamine, and released 
by platelets, mast cells, and basophils. Vas- 
cular permeability increases to allow these 
blood-borne factors to enter the site of 
wounding. 

Platelets activate the coagulation cascade 
through both the intrinsic and extrinsic re- 
sponse. The intrinsic response is mediated 
through Hageman factor, factor XII, as it 
comes into contact with collagen. In the pres- 
ence of kininogen, a precursor of bradykinin 
and prekallikrein, factor XII activates factor 
XI then factor IX, then factor VIII. The ex- 
trinsic system is activated through thrombo- 
plastin formed when phospholipids and gly- 
coproteins are released by blood coming into 
contact with the injured tissues. In the pres- 
ence of calciiun, factor VII is activated. Both 



the intrinsic and extrinsic systems stimulate 
the final common pathway Leading to fibrin 
production and polymerization. Simultane- 
ously, the fibrinolytic system is activated to 
monitor clotting so as to prevent coagulation 
irom extending beyond the wound space.^^ It 
is controlled by the same factors that initiate 
coagulation and thus serves as a regulator 
of the process. Arachidonic acid is produced 
and serves as an intermediate for the produc- 
tion of prostaglandins and leukotrienes. 

These intense vasodilators act with hista- 
mine, bradykinin, and complement to in- 
crease vascular permeabihty. Thromboxane 
also increases platelet aggregation and local 
vasoconstriction. The complement cascade is 
activated at the same time by platelets and 
neutral proteases to produce very potent an- 
aphylotoxins, which cause mast cells to de- 
granulate and release histamine. This pro- 
cess leads to margination and then migration 
of white blood cells into the wound space. 
The neutrophils are phagocytes for bacteria. 
Although woimds can heal without white 
blood cells, the risk of infection is increased. 
Other substances released by the inflamma- 
tory process are also chemoattractants for 
neutrophils, which produce free oxygen radi- 
cals and lysosomal enzymes for host defense. 
The neutrophils are later removed from the 
wound by tissue macrophages. 

Monocytes migrate into the wound space 
by the third day and become tissue macro- 
phages. Wounds cannot heal without the 
macrophage. These cells control and regulate 
the wound environment through the produc- 
tion and regulation of growth factors. These 
growth factors control the cellular composi- 
tion of the wound as well as matrix formation 
and remodeling. Extracellular matrix is a va- 
riety of proteins in a polysaccharide gel com- 
posed of glycosaminoglycans and proteogly- 
cans produced by fibroblasts. Matrix proteins 
may be structural such as collagen and elas- 
tin, while others such as fibronectin and 1am- 
inin regulate cell adhesion. Thrombospon- 
din, von Willebrand factor, and laminin are 
also adhesion molecules, Fibronectin is also 
a chemoattractant for circulating monocytes 
and stimulates their differentiation into tis- 
sue macrophages.^^ 

Macrophages and fibroblasts enter the 
wound to begin the process of fibroplasia, the 
second phase of wound healing. This process 
begins aroimd the fifth day following injury 
and may continue for 2 weeks. The inflam- 
matory response lessens as the mediators of 
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inflammation are no longer produced, and 
those present are inactivated or removed by. 
diffiision or by macrophages. Fibroplasia is 
the process of matrix formation including col- 
lagen synthesis. Angiogenesis is critical to 
this phase of woimd healing to bring a blood 
supply into the wound. Fibroblasts are at- 
tracted to the woimd and replicate ia re- 
sponse to fibronectin, platelet-derived 
. growth factor (PDGP), fibroblast growth fac- 
tor (FGF), transforming growth factor 
(TGF), and C5a, a product of the complement 
system. These fibroblasts produce proteogly- 
cans and structural proteins necessary for 
wound healing. This matrix is composed of 
hyaluronate and fibronectin, which allow for 
cellular migration stimulated by chemotactic 
factors formed in the wound. Fibronectin 
is also important in epithelialization and 
angiogenesis. 

Collagen, the major structural protein in 
the wound, is the most common protein in 
the mammalian world. Produced by the fi- 
broblast, it is a family of at least 12 proteins, 
rich in glycine and proline and bound in a 
tight triple helix. Cross-linking between the 
three strands results in a very stabile mole- 
cule resistant to breakdown. The production 
and release of collagen from fibroblasts is 
controlled by growth factors such as PDGF, 
epidermal growth factor (EGF), FGF, and 
TGF-^ produced by the tissue macrophage. 
Once deposited in the wound, collagen is then 
remodeled for several years. Elastin is an- 
other structural protein in the wound pres- 
ent in much smaller amounts than collagen. 
It contains proline and lysine. It is configured 
as random coils, allowing both stretch and 
recoil. Angiogenesis is the process of capil- 
lary formation from the budding of existing 
capillaries after stimulation by FGF.^' 
These capillaries are composed of endothelial 
cells that migrate through the healing 
wound. Connections are developed between 
the capillaries to form a network in the 
wound space. This capillary network pro- 
vides a pathway for new healing factors to 
enter the wound. The process ceases when 
the wound has an adequate blood supply. It 
appears as if the process of angiogenesis is 
controlled by oxygen tension and is stimu- 
lated by hypoxia. Epithelialization occurs 
only after granulation tissue is established. 
Cells migrate from the edge of the wound 
over the coUagen-fibronectin surface. This 
process results in mature skin covering the 
wound. 



Scar contracture occurs as the wound ma- 
tures. During the matiiration process, the 
scar becomes less hyperemic as blood supply 
is reduced. Although remodeling and wound 
strengthening increase for up to 2 years fol- 
lowing injury, the total collagen content of 
the wound does not change. Hyaluronidase, 
coilagenase, and elastase are key elements 
in wound remodeling. Hyaluronate is re- 
placed by dermatan sulfate and chondroitin 
sulfate, which reduce cell migration and 
allow those cells already in the wound space 
to differentiate. Plasmin formed from plas- 
minogen degrades fibrin. Coilagenase is se- 
creted by macrophages, fibroblasts, epithe- 
lial cells, and wtdte blood cells and is able 
to break the collagen triple helix to allow 
remodeling. Urokinase, produced by leuko- 
cytes, fibroblasts, endothelial cells, and kera- 
tinocytes, activates coilagenase and elastase. 



Growrii Factors 

The process of wound healing is controlled 
by growth factors, polypeptides that initiate 
cell growth and proliferation and protein pro- 
duction by binding to specific high-affinity 
receptors on the cell surface. They have the 
ability to stimulate mitosis of quiescent ceils. 
They commonly have endocrine, paracrine, 
and autocrine function. Some are trans- 
ported in plasma bound to large carrier pro- 
teins, while others affect nonadjacent cells 
or may have a self-regulating effect. They are 
produced by platelets, macrophages, epithe- 
lial cells, fibroblasts, and endothelial cells. 
Although growth factors are present in only 
minute amounts, they modulate the process 
of wound repair. The growth factors most 
commonly involved in wound healing include 
PDGF, TGF, EGF, FGF. and insulin-like 
growth factor (IGF). 



Platelet-Derived Grov/th Factor 

Platelets that initiate the coagulation cas- 
cade in the wound are the initial source of 
growth factors including PDGF, TGF-^, 
EGF, and IGF-I. Other cells drawn into the 
wound space such as inflammatory cells, fi- 
broblasts, and epithelial cells are also in- 
volved in growth factor production. Growth 
factors are chemoattractants for neutrophils, 
macrophages, fibroblasts, and endothelial 
cells. Macrophages release factors such as 
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tumor necrosis factor (TNF). Wound remod- 
eling occurs under the control of coUagenase, 
which, is produced in response to EGF, TNF, 
interleukin-1 (IL-l), and PDGF. Thus, the 
complete process of wound repair is con- 
trolled directly or indirectly by growth 
factors. 

PDGF is the most widely studied growth 
factor clinically. It is produced by platelets, 
macrophages, smooth muscle cells, vascular 
endothelium, and fibroblasts.^^ PDGF has a 
molecular weight of 24,000 daltons and is 
composed of two chains, A and B, held to- 
gether by disulfide bonds in three dimeric 
forms, AA, AB, and BE, There is a 60% amino 
acid homology between the two chains. Hu- 
man platelets contain all three forms of 
PDGF in a ratio of about 12% AA, 65% AB, 
and 23% BB.^ The B chain is quite similar to 
the transforming gene of the simian sarcoma 
virus. The human proto-oncogene C-sis is 
similar to the viral oncogene V-cis and en- 
codes for the B chain of PDGF. There are two 
PDGF receptors, an a- and a j8-receptor.^^ 
The oi-receptor recognizes both the A and B 
chains of PDGF and thus can bind to the AA 
form, the AB form, and the BB form. The j3- 
receptor recognizes only the B chain, and 
thus binds only to the BB form and weakly 
to the AB form. Most cells have many times 
more j8-receptors than a-receptors. Cells 
with PDGF receptors include fibroblasts, 
vascular smooth muscle cells, and some mi- 
crovascular endotheUal cells. 

PDGF is a mitogen for ceils of mesenchy- 
mal origin. PDGF is a potent chemoattrac- 
tant and mitogen for fibroblasts, smooth 
muscle cells, and inflammatory cells. It also 
acts with TGF-;S and EGF to stimulate mes- 
enchymal cells. Although PDGF is produced 
by endothelial cells, they do not respond to 
PDGF but work in a paracrine manner to 
stimulate adjacent vascular smooth muscle. 
Smooth muscle cells also act in an autocrine 
fashion and produce PDGF. 

PDGF is stabile to extremes of heat, a wide 
range of pH, and degradation by proteases. 
Platelets are the largest source of PDGF in 
the human body. There are no cases of a hu- 
man PDGF deficiency state, perhaps sug- 
gesting that PDGF is critical to the survival 
of the individual. 

PDGF has been isolated from the a- 
granuies of platelets and has been produced 
through recombinant DNA technology. In 
animal models, it has been shown to improve 
the breaking strength of incisional wounds in 



rats when applied topically even as a single 
dose.^^ PDGF accelerates woimd healing; 
however, by 3 months, there is no difference 
in wound heating as compared with un- 
treated wounds, suggesting that wound heal- 
ing stimulated by PDGF is quite similar to 
normal healing. Wounds treated with PDGF 
had a marked increase in neutrophils, mono- 
cytes, and fibroblasts in an animal model.^^ 
This cellular response leads to an increase 
in granulation tissue production. Similar 
findings were observed in a rabbit ear exci- 
sional wound model. Despite the fact that 
PDGF does not have a direct effect on kera- 
tinocytes, wounds in animals were shown to 
have an increase in epithelialization. This 
is due to the influence of macrophages and 
fibroblasts attracted into the wound by 
PDGF. Wounds in animals treated topically 
with PDGF have an increase in neovasculari- 
zation, although PDGF does not directly 
stimulate endothelial cells. Again, this is 
Hkely related to the influence of other cells 
attracted into the wound by PDGF. Thus it 
appears that PDGF accelerates wound heal- 
ing by accelerating the normal responses. 
The healed wounds appear to be normal in 
all aspects. 

PDGF has been studied in several clinical 
trials. The effectiveness of recombinant hu- 
man PDGF-BB in heeding decubitus ulcers 
was evaluated in patients treated and fol- 
lowed for 28 days.^* There appeared to be 
greater reduction in wound closure in pa- 
tients treated with PDGF. In another trial, 
patients with decubitus ulcers were treated 
with PDGF or placebo for 1 month.^" The ul- 
cer volume was significantly reduced in the 
PDGF-treated patients. No significant toxic- 
ity related to PDGF was noted in either 
study. A randomized, prospective, double- 
blind trial of recombinant human PDGF-BB 
was performed in patients with diabetic neu- 
rotrophic foot ulcers.^ Patients were treated 
with PDGF (at a dose of 2.2 /Ag/cm^ of ulcer 
area) in vehicle, csirboxymethylcellulose, or 
vehicle alone for up to 20 weeks or until com- 
plete wound closure had been achieved. All 
wounds had been present for at least 8 weeks. 
All patients were free of infection and had 
an adequate blood supply as demonstrated 
by a transcutaneous oxygen tension (TcPOa) 
of a least 30 mm Hg. Woimds were debrided 
prior to entry into the study and as needed 
during the trial. Forty-eight percent healed 
using PDGF, while only 25% healed using 
vehicle alone (p < 0.01). The median reduc- 
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tion in woimd area was 98.8% for PDGF- 
treated patients but only 82.1% for those 
treated with vehicle. There were no signifi- 
cant differences in incidence or severity of 
adverse events in either group. This was the 
first study to suggest that a growth factor 
and specifically PDGF, could be applied topi- 
cally and be effective and safe in promoting 
the healing of chronic wounds in humans. 

using recombinant human 
PDGF m the treatment of patients with dia- 
betic foot vlcers, PDGP-BB was found to in- 
crease the incidence of complete wound clo- 
sure by 43% as compared with placebo (jt? = 
0.007).34 It also decreased the time to achieve 
complete wound closure by 32% (;j = 0 013) 
when compared with the placebo gel. Over 
1,000 patients treated with PDGF have been 
reported. It appears to be safe and efficacious 
and IS now approved for use in the treatment 
of diabetic foot ulcers. It has been noted that 
those patients receiving the best wound care 
healed better when treated with PDGF, De- 
bridement was found to be critically impor- 
tant.^" The benefits fi^om PDGF wiH not be 
achieved if the wounds are not treated 
properly. 



homology between the two molecules. The 
bmding of these molecules to heparin or he- 
paran sulfate may protect them from enzy- 
matic degradation. Both aFGF and bFGF are 
found in the extracellular matrix in the 
bound form. Matilx degradation proteins 
may act to release aFGF or bFGF. Acidic FGF 
IS similar to endothelial cell growth factor 
while bFGF is aumlar to endothelial cell 
in:owth factor II. Both aFGF and bFGF are 
similar to keratinocyte growth factor. FGPs 
are produced by fibroblasts, endothelial cells, 
smooth muscle cells, and chondrocytes and 
are mitogens for cells of mesodermal and 
neuroectodermal origin. PGFs are also po- 
tent mitogens for endothelial cells and act as 
angiogenesis factors by stimulating growth 
of new blood vessels through proliferation 
of capillary endothelial ceUs.« In addition to 
endothehal ceUs, FGFs can stimulate fibro- 
blasts, keratinocytes, chondrocytes, and my- 
oblasts. Multiple different FGF receptors 
have been identified. They appear to have a 
similar fimction. To date, there are no clinical 
tnals that have proven FGF to be of benefit 
m clinical wound healing. 



Vascular Endothelial Growth Factor Keratinocyte Growth Factor 



Vascular endothelial growth factor (VEGF) 
is quite similar to PDGF. It has a molecular 
weight of 45.000 daltons. Although it has a 
^^^^ homology to the B chain of 
^^^Z' ^^^'^^ different receptors than 
i'DGF and has different actions." VEGF is 
a potent mitogen for endothelial cells but not 
tor fibroblasts or vascular smooth muscle 
cells as is PDGF. Thus, VEGF is angiogenic 
and plays a role in wound healing through 
this mechanism. There has been interest in 
using VEGF to stimulate the development of 
collateral vessels in patients -with symptom- 
atic artenal ischemic disease. VEGF may be 
delivered to the ischemic area as a protein 
or through gene transfer. 

Fibroblast Growth Factor 

Fibroblast growth factor is a series of 
hepann-bound growth factors.^" There are 
two forms of this growth factor, acidic FGF 
(aPGP) and basic FGF (bFGF). Both are 
smgle-strand molecules with molecular 
weights of 15,000. There is a 50% amino acid 



Keratmocyte growth factor (KGF) is related 
to the FGPs. It is a protein with a molecular 
weight of 28,000 and has a significant amino 
acid homology with the FGPs.« Although 
KGF is found only in fibroblasts, it stimu- 
lates keratinocytes, not fibroblasts. It may 
share a receptor with FGF. At this time, 
there are no chnical trials reported using 
KGF , and its role in human wound healing 
remains to be defined. 

Transforming Growth Factors 

TGFs are composed of two polypeptide 
chmns, a~ and (3.'^ TGF-a has a 30% amino 
acid homology with EGF. It received its name 
because of its ability to reversibly stimulate 
the growth of cells. Cancer cells do this as 
well. TGF-a is produced by macrophages, 
keratinocytes, hepatocytes, eosinophiles, 
and other cells. TGF-a and EGF are mitogens 
for keratinocytes and fibroblasts but TGF-a 
IS a more potent angiogenesis factor. Both 
TGF-a and EGF bind to the EGF receptor 
but their specific actions may be different 
partly due to differences in their binding to 
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the receptor. To date there have been no chni- 
cal trials of woiind healing with TGF-o:. 

TGF-/3 has no amino acid homology with 
TGF-a or any other growth factor. TGF-^ 
is a molecule with many different functions 
and can stimulate or inhibit the growth or 
differentiation of many different ceils. It is, 
thus, in some respects a master growth 
factor. There have been three different 
forms of TGF-jS isolated, TGF-j31, TGF-/32, 
and TGF-^3,^* Just as there are three forms 
of TGF-(3, there are three receptors, al- 
though the three are not equally important. 
The actions of the three different forms of 
TGF-j8 are very similar although not exactly 
the same. TGF-/3s have a molecular weight 
of approximately 25,000. TGF-^S is a group 
of proteins that can reversibiy inhibit 
growth of ceils, especially those of ectoder- 
mal origin, TGF-j8 is produced by a variety 
of cells including platelets, macrophages, 
fibroblasts, keratinocytes, and lymphocjrtes. 
Nearly all cells have receptors for TGF-j3 
and have the potential to respond to it. It 
appears as if TGF-)3 is the most widely 
acting of the growth factors. The TGF-j8s 
are potent stimulators of chemotaxis in in- 
flammatory cells and stimulate cells to pro- 
duce extracellular matrix. These character- 
istics make the family of TGF-/3s important 
to the woxmd healing process. There have 
been trials of TGF-y3 in the treatment of 
psoriasis, but as yet, there are no trials 
reported using TGP-^ in human wound 
healing. 



Epidermal Grov^th Factor 

EGF is a small molecule quite similar to 
TGF-a, with a molecular weight of 6,200 dal- 
tons. EGF is produced by the platelet and is 
present in large amounts in the early stages 
of wound healing. EGF is produced by the 
kidney, salivary glands, and lacrimal glands; 
therefore, it is foimd in high concentrations 
in urine, saliva, and tears.'' EGF promotes 
epidermal regeneration and corneal epitheli- 
alization, and increased the tensile strength 
of wounds in animals. EGF increases wound 
healing by stimulating the production of pro- 
teins such as fibronectin and the migration 
of epithelial cells. Although EGF does not 
stimulate collagen production, it increases 
the number of fibroblasts in the wound. 
These cells produce collagen and improve the 
wound strength. EGF has a common receptor 



with TGF-ci. EGF has been studied in a ran- 
domized trial of skin graft donor site healing. 
Treatment of donor sites with silver sulfadia- 
zine contai n i n g EGF accelerated epidermal 
regeneration compared with sites treated 
with silver sulfadiazine alone. ^ EGF reduced 
the healing time by 1. 5 days. Although these 
results may not be clinically significant, this ^ 
was the first trial to suggest a benefit fi:om 
treatment with an isolated growth factor in 
human wounds. EGF was also used in a pro- 
spective open label trial in patients with 
chronic woimds.* Chronic wounds were 
treated with silver sulfadiazine. In this cross- 
over dosing, those who did not heal were then 
treated with silver stdfadiaztne containing 
EGF. Many of the patients improved. The 
results from these studies suggest that EGF 
may be beneficial in wound healing, although 
there is not adequate proof as yet to confirm 
this premise. 

insuitn-Like Growth Factors 

IGFs, also called somatomedins, are proteins 
sharing a 50% amino acid homology with pro- k 
insulin. They have insuhn-like activity. The 
two forms of this growth factor, IGF-1 and 
IGF-2, are both secreted as large precursor 
molecules, which are cleaved to an active 
form.^ IGF-1 is also called somatomedin-C 
while IGF-2 is simply somatomedin. Many 
tissues synthesize these growth factors. IGF- 
1 can be found in the Uver, heart, lung, pan- 
creas, brain, and muscle.^ Although produced 
by a number of tissues, IGF-2 is particularly 
prominent during fetal development and 
plays a. significant role in fetal growth. IGF- 
1 and IGF-2 have separate receptors. The 
actions of pituitary growth hormone are me- 
diated through IGF-1. Pituitary growth hor- 
mone stimulates cell differentiation and the 
production of IGF-1. IGF-1 then causes cell 
division. IGF-1 is produced mainly in the 
liver. It is found in high concentrations in 
platelets and is released into the wound * 
space when clotting occurs. Levels of IGF-1 
and IGF-2 depend on multiple factors, such 
as age, gender, nutritional status, and hor- 
mone level. Growth hormone regulates IGF- 
1 and IGF-2 levels as does prolactin, thyroid 
hormone, and the sex hormones. Elevated 
levels of somatomedins have been identified 
in patients with acromegaly. 

IGF-1 and IGF-2 are anabolic hormones 
that stimulate the synthesis of glycogen, pro- 
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tern, and glycosaminoglycans. They increase 
the transport of glucose and amino acids 
across cell membranes. They also increase 
collagen synthesis by fibroblasts. There is no 
clinical evidence to suggest these growth fac- 
tors are of benefit in treating wounds. 

As previously described, the process of 
wound healing is complex and involves plate- 
lets and macrophages. In the first 2 days fol- 
lowing injury, platelets control the wound 
space by way of growth factors that they pro- 
duce and release. Following this period, this 
function is taken over by macrophages. 
Within the a-granules of the human platelet 
are multiple growth factors that are released 
when platelets are activated and degranu- 
late. These include PDGF, TGF-j8, FGF, 
EGF, platelet factor 4, platelet-derived angi- 
ogenesis factor, and 0-thromboglobuhn. 



Flafeiet Releasates 

A purified platelet releasate has been pre- 
pared by stimulating human platelets to re- 
lease the contents of their ce-granules by us- 
ing thrombin. Use of a platelet releasate in 
wound healing has several advantages. 
First, the growth factors that are released 
are identical to and in the same proportion 
as the growth factors normally brought in 
the wound space by the platelet. Second, 
preparation of a platelet releasate is rela- 
tively easy and inexpensive, as the platelets 
can be harvested from peripheral blood. They 
readily release the contents of their a- 
granules when stimulated with thrombin. As 
growth factors are preserved in banked 
blood, large amounts can be retrieved from 
the platelets of pooled human blood. There 
are, however, disadvantages to using a plate- 
let releasate. Not all growth factors promote 
healing of a wound. It seems reasonable to 
assume that there is a signal for wound heal- 
ing to stop. It is likely that this, too, is growth 
factor related. Since the proper concentra- 
tion of a platelet releasate is uncertain, a 
platelet releasate might concentrate factors 
promoting healing as well as those that trig- 
ger the wound healing process to end. An- 
other major disadvantage of such a prepara- 
tion is that there is the possibility of 
transmission of an infectious agent from the 
platelet donor. This could be minimized if 
the releasate were harvested from a single 

dornr ° 



Clinical Trials 

There have been several reports using a 
platelet releasate in wound heahng. A pre- 
Uminaiy report described the use of an 
autologous platelet releasate in six patients 
with chronic lower extremity ulcers from 
connective tissue diseases with minimal 
benefit. A homologous platelet releasate was 
used to treat 11 patients with leg ulcers 
from diabetes and eight patients with leg 
ulcers secondary to chronic venous insuffi- 
ciency.^i No benefit was observed from the 
treatment with a platelet releasate. In man- 
aging these patients, treatment of the un- 
derlying disease was not addressed. Growth 
factors cannot be expected to improve 
wound heahng unless they are applied in 
a comprehensive wound care program that 
addresses the underlying etiology of these 
woimds such as diabetes, venous hyperten- 
sion, or ischemia. In another trial, 49 pa- 
tients with chronic nonheahng cutaneous 
wounds were treated with an autologous 
platelet releasate.^^ There was some im- 
provement in achieving complete wound 
healing. This was the first clinical trial to 
suggest a benefit from a platelet releasate 
applied topically to promote the healing of 
chronic wounds. A randomized trial compar- 
ing platelet releasate versus a placebo was 
conducted in patients with ulcers secondaiy 
to diabetes, peripheral vascular disease, ve- 
nous insufficiency or vasculitis. Although 
this study suggested a benefit from the 
treatment, the growth factor preparation, 
was added to microciystalline collagen, a 
potent stimulator of platelets. The exact 
contribution from the collagen to the heahng 
of these wounds was not clear. Two other 
trials suggested a benefit from a platelet 
releasate. In one trial, patients were treated 
for 3 months with saline and silver sulfadia- 
zine. Only 3 of the 23 lower extremity 
wounds healed; however, when the platelet 
releasate was then appHed, the remaining 
ulcers healed. 1 Thirteen patients with dia- 
betic neurotrophic ulcers were enrolled in 
a randomized trial of a platelet releasate 
versus saline placebo.^^ ^ benefit was seen 
m those treated with the platelet releasate. 
By 20 weeks of therapy, five of seven pa- 
tients healed using the platelet releasate, 
whereas only two of six patients healed 
using the saUne placebo. By 24 weeks of 
treatment, another three of six patients in 
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the control group healed, suggesting that the 
platelet releasate stimulated more rapid 
healing but did not result in a greater propor- 
tion of healed wounds. Another study of 70 
patients suggested a similar benefit from a 
platelet releasate.^ 

Despite this evidence that platelet relea- 
sates are of benefit, another trial observed 
very different results using a homologous 
platelet releasate. In a randomized, prospec- 
tive, double-blind, placebo-controlled trial, 
topical platelet releasate was applied to leg 
ulcers due to diabetes, peripheral vascular 
disease, or chronic venous insufficiency. 
Wounds treated with the platelet releasate 
worsened, while wounds in the control group 
improved.^® This study not only suggested no 
benefit from a platelet releasate over stan- 
dard care in the management of lower ex- 
tremity ulcers, but in fact intimated that a 
platelet releasate might be detrimental to 
wound healing. 

Although the results of the clinical trials 
using platelet releasates have been varied, 
there is some eiddence to suggest that they 
may be of benefit applied topically to lower 
extremity wounds. However, the inconsis- 
tency of the results as well as the concern 
about transmission of infectious agents in. 
using a homologous preparation leaves their 
role in human wound healing imdefined. 
Molecules other than growth factors may 
play a role in the healing of wounds, espe- 
cially in patients with diabetes. Mice defi- 
cient in inducible nitric oxide synthase 
(iNOS) had a slower rate of healing of fall- 
thickness wounds than normal animals.^* 
When given iNOS, the rate of healing re- 
turned to normal. 



Conclusion 

In conclusion, growth factors control the 
growth, differentiation, and metabolism of 
cells. Thus they control wound repair and 
maturation, although there are only a lim- 
ited number of reports where growth factors 
have improved wound healing, One isolated 
growth factor, PDGF, does improve healing 
in diabetic ulcers and is approved for that 
indication. It is likely that the actions and 
benefits of growth factors will be defined fur- 
ther. This will allow health care providers to 
control the wound environment to achieve 
complete and durable wound heahng in pa- 
tients. 
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fikTl^"'"r/*' of toP^caf Hainan recombinant basic 

fibroblast growth factor (bFGF) on the healing of diabetic neurotrophic foot iS. 

RKII^^ Seventeen diabetic patients sufering 

^T;i ™ ^ ^^^''°^P^l?'2local^ ofbFGFwithplacebo. Maininclusion 

catena were a typical neuropathic ulcer of Wagner grade I-ni. n^re than 0 5^cm S 

s^ficant penpheral vascukr disease or wound infection. faFGF or placebo wasaS 
daily durmg the 6 ^te as inptients then twice a week for 12 weelISS of 
sue was assessed through weekly clinical examination and computerized phow^pi^ 

iI?!SiK7™ ulcers healed compared with Eve of eight 

m *e placebo group (NS). Tbs weekly reduction in ulcer petimeter^d area was identiS 

^pS^ri? P^ent healed area at the end of the study did not dSS 

significantly. No side effects were observed during bFGF application ^ 



Foot lesions are a major problem in 
people with diabetes laellitus, in 
terms of morbidity, mortality, dis- 
ability, and financial cost (1). In diabetic 
patients, nonhealing foot uicers, mainly 
due £0 peripheral and autonomic neurop- 
athy (2-5), frequently lead to lower Hmb 
amputations (6,7). Numerous ap- 
proaches using topical treatment have 
been proposed, including antibacterial 
agents (antibiotics, antiseptics), various 
types of dressings, powders, pastes, and 
creams (2,3). But most ulcers respond 
poorly to this conventional treatment, of- 
ten requiitig a long hospital stay (8), and 
the recurrence rate is hi^ (9). 

Wound hfiallng is a complex pro- 
cess involving highly regulated responses 
of spedaliKd ccH types, in which locally 
secreted growth factors seem to play a key 
role (10), Recently, the availability ol 
large quantities of ^owth factors has al- 
lowed researchers to test their therapeutic 
use as topical agents to accelerate wound 
healing (11). 

Considering the impairment of 
wound healing in diabetes melhtus and 
the role of basic fibroblast growth fectoi 
(bFGF) in the healing process clearly sug- 
gested by experimental in vivo stud> 
(12,13), we conducted for the first time s 
pilot (phase I and 11) randomized, dqji-: 
ble-blind, and placebo-controlled stu^ 
to evaluate the cEcacy and safety of topi> 
cally applied recombinant bFGF in stim- 
ulating the repair of diabetic neuropathic 
fool ulcers. 
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After obtaining in- 
formed conseru. 17 diabetic patients 
aged 39 to 73 years, were entered into th( 
study. They were recruited from two de- 
partments of diabetology at Montpeliie! 
University Hospital (n = 7) and at Lt 
Grau du Roi Medical Center (n = 10). Al 
but one had non-insulin-^pcndem dia- 
betes mellims. The experimental protoco 
in accordance with the Declaration o 
Helsinki was approved by the French Na 
clonal Ethical Committee. 



Richard and AssockUes 



Patients were mcluded if they had 
a typical, chronic, nonhealing, neuro- 
pathic ulcer on the plantar surface of (he 
foot, grade I-IIi. according to Wagner's 
classification (14); this classification sj^ 
tcm was chosen because ii appeats valu- 
able in evaluating the outcome of diabetic 
foot ulcers (15). After mechanical exci- 
sion, the largest part of die wound had to 
measure more than 0,5 cm. The neuro- 
pathic nature of the ulcers was confirmed 
by biothfisiomeoy (16) with a vibration 
perception threshold higher than 30 V ei- 
ther at the great toe or at the medial mal- 
leolus CBiomedical, Newbury, OH). 
Moreover, no patient had significant pe- 
ripheral vascular disease, as evidenced by 
Doppler wave form analysis; ankle-bra- 
chial pressure index (ABI) was not used, 
as most neuropathic patients had falsely 
elevated ABI values due to medial arterial 
calcification (17). BefoK patients entered 
the study, active infection was ruled out 
by clinical examination and X rays, and a 
dght glycemic control was obtained by in- 
tensive Insulin dierapy using three subcu- 
taneous injections a day or continuous 
subcutaneous insulin infusion (Mark II 
Infusers, Novo Nordisk, Boubgne-Billan- 
coutt. France); intensive insulin therapy 
was maintained during the entire experi- 
mental period and patients were in- 
structed to check their capillary blood 
glucose level three to six times a day. 

After randomization, patients 
were treated with cither placebo (nonnal 
saline) or bFGF (Fairoltalia Carlo Erba. 
Milano, Italy) until the ulcer was com- 
pletely healed or the patient completed 
the 18 weeks of the treatment. The treat- 
ment period vras divided in two consecu- 
tive sequences: during the first 6 weeks, 
treatment was applied once a day on an 
mpatient basis, whereas during the last 12 
weeks, it was applied twice a week, and 
pauents were allowed to return home if 
the ulcer progression was satisfactory. Pa- 
tiet«s were encouraged to keep die foot 
with the ulcer totally nonweighi-bearing 
until the study was completed, but no 
specially designed footwear was pre- 
scribed. *^ 



Table l--^asetinediar<u:taisttcscf the patients 



Age (years) 
Sex{Mfi=) 

Bodym 

HhAi,(%) 
Fnictosamine (mmoW) 
Duration of dUhetes (years) 
Vibr»tton. perception threshold (V) 
Ulcer duration (months) 
Ulcer largest diameter (nan) 
Wagner's classification 

Grade 1 

Grade 2 
Grade 3 



Group P 
(Placebo-Treated) 
n = 8 


Group F 
OiFO'-Treated) 
n-9 


63.6 ± 7.9 


61.9 ± 10.0 


7/1 


9/0 


29.3 ± 2.6 


26.4 ± 4.6 


7.1 ±1.7 


7.9 ± 1.7 


284.4 ± 42.2 


295.1 ± 75.0 


18.8 ± 9.5 


20.9 ± 12.3 


37.3 ± 14.9 


46.3 ± 6.4 


27.9 ± 42.2 


22.4 ± 27.9 


18.1 ±6,2 


18.0 ± 12.0 



Data are means ± SD. No statlatcaJIydgQifiani dt&nsnce w 
perception threshold was measuied « tbe great toe. 



s found beivfeen groups P and F. Vibration 



After randomization, eight pa- 
tients were treated with placebo (ffxmp P) 
and nine received bFGF (group F). There 
were no si^ficant differences in patient 
characteristics at entry into the study (Ta- 
ble 1). Glycemic control was similarly 
good in die two. groups, due to the initia- 
tion of the intensive insulin therapy be- 
fore inclusion in the protocol. The distri- 
bution in Wagner's grades and the initial 
size of ulcers did not differ between 
groups? and F. 

bFGF vras produced by recombi- 
nant DNA technology using EschericKa 
call type p. A stable pharmaceutical for- 
mula was obtained, having a potent bio- 
logical acdvity bodi in vUro and in vivo. 
From a lyophilate containing 50 fjLg of 
bFGF, formula was reconsdcuted with sa- 
line at a final concentration of 3 fig/ml in 
a vial connected in a sterile manner to a 
special spray delivery system; a volume of 
50 /ii containing 500 ng of compound 
was deUvcrcd at each pressure, so that at 2 
cm from the skin, the device deliver^ 
spray ona 4.13 cm^ area. When leconsti- 
lutcd. the solution was kept at 4'C for no 
more than 3 days. After mechanical re- 
moval of necrotic tissue and exdsion of 
sunrounding callosities, placebo or bFGF 



was sprayed on the ulcer. According to 
the ulcer size, one or two sprays were de- 
livered. Afterward, die ulcer was covered 
vnth a sterile petrolatum-impregnated 
gauze (Tulle gras Lumifere. Sarback, 
Suresnes. France) in Le Grau du Roi cen- 
ter or dry compresses at Montpellier, un- 
til die next foot care. No antiseptics or 
speciai dressings were used. 

Patients were evaluated each 
week: the length and width of the ulcer 
were measured and a photograph was 
taken, using an instant camera vrith a 
magnification of 1:1 (ImagePro, Polaroid. 
Cambridge, MA). The ulcer and peri- 
wound area were evaluated for infection 
and treatment tolerance. At the end of die 
study, each photograph was coded and 
digitized (Mac llx computer. Epson GT 
4000 scan, and Epscan Mac 102 soft- 
ware); using anevas software, ulcer pe- 
rimeter and area were measured by one of 
us O-P.D.), unaware of the patients' iden- 
tity, date of photographs, and nature of 
the treatment. Measurements were stan- 
dardized in reference to the distance be- 
tween the base of die big and die fifth toe , 
The rate of wound healing was calculated 
firom the change in wound perimeter and 
area; the rate of linear advance of healing 
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toward the ulcer center (8, in mm) was 
calculated according to Gilman's formula 
(18). 

CUnically. Improvemeat of ulcef 
aspea was dtSned by a decrease of Wag- 
ner's grade, worsening by an increase and 
healing by grade 0. 

At entry and at the end of the 
study, blood was withdrawn for determi- 
nation of ^ycos^ted hemoglobin, &uc- 
tosatnine, and hematological and bio- 
chemical routine parameters. 

Statistical analysis was performed 
using BMDP statistical software (19). 
Fisher's exaa test and the nonpatametric 
Kruskal-Wallis test were used to compare 
qualitative and quantitative data, respec- 
tively, between groups. In each group, 
comparisons of data at entry and at the 
end of the study were carried out using 
Wilcoxon's exact rank-sum test and Mc- 
Nemar's test for dependent quantitative 
and qualitative data, respectively. Multi- 
variate analysis of variance for repeated 
measures was performed to determine the 
effect of treatment and placebo on 
changes in standardized wound area over 
time,- Times until 23 and 50% healing 
were analyzed according to Kaplan-Meier 
estimates of the healing time distribution; 
Breslow-Mantei's test was used to adjust 
for the subset of the pro^osis variables. 
The stepwise Cox proportional hazards 
model was used to idauify and control 
for diese progiosfs variables, when statis- 
tically significant. Linear correlation and 
analysis of covariance were performed to 
control for the effect of the initial wound 
diameter on Gilman's parameter. 



Table 2— Utcer evohitton during 



* — During the study, good 

j^ycemic control was maintained in both 
groups; at the end of the study, the level of 
glycosylated hemoglobin was 6.4 ± 1 . 1 % 
in group P and 7.5 ± 1.8% in group F 
(NS) and that of fructosamine was 281 ± 
48 mmoW in group P vs. 311 ± 40 
mmdl/1 la group F (NS). These levels were 
not significantly different from those at 
entry. 

In placebo-treated patiaits, five of 
eight ulcers (63%) healed completely 







Group F (n *= 9) 


Tteammt duration 
CUnical outottne 


64.8 ± 29.3 


87.7 * 38.0 


Healing 


5 


3 


Inq)rovemeni 

No progresaon 

Worsening 
Utcer perimeter reduction (% of IniUal pen 
Time for 50% of healinu (weeks) 


1 

0 
2 

meter) 47.2 ± 36.4 
5.8 ± 0.4 


2 
2 
2 

35.8 ± 49,6 
9.3 ± 2.1 



± SD. No smtlstiraily signiEcam difference was found htsswax groups P and F. 



compared with three of nine (33%) in the 
bFGF-ireated group (NS) (Table 2). In 
seven of eight healed ulcers, healing oc- 
curred before the end of the study. Infec- 
tion occurred on two ulcers in both 
^oups. requiring the smdy to be stopped 
prematurely. One bFGF-ti€ated patient 
refused to continue the smdy despite im- 
provement in her ulcer status. In five pa- 
tients, the study was conducted to the 
end: two ulcers improved but only one in 
^up F healed completely. No significant 
difference was found between the two 
groups with regard to the duration of 
treatment. In addition, thenumber of pa- 
tients having pursued the study beyond 
the 6th week was identical in groups P 
and F. The clinical evolution of the ulcers 
was not significantly different; repartition 
in Wagner's classification was similar in 
both groups at the end of the study. 

According to standardized mea- 
sures from photographs, no significant 
difference was found between the two 



groups for ulcer sizes at any week. In both 
groups, ulcer perimeter and area de- 
creased significandy during the study. 
Decrease of ulcer perinieter and area vras 
greater in group P. as was die daily reduc- 
rion, but the difference was not statisti- 
cally significant (Table 3). The same trend 
was also found when reduction of ulcer 
size was expressed as percenta^ of initial 
size (Tables 2 and 3). 

Kaplan-Meier curves of times 
needed for ulcers to achieve 50 and 100%/ 
healing were plotted. Cox regression in- 
dicated no statistically significant effect 
because of treatment groups, centers, 
body mass index, patients" age. or ulcer 
duration. Mean iKaling times were iden- 
tical for both groups aable 2), and the 
median for 50% healing was 9.3 ± 2.1 
and 3.8 ± 0.4 weeks for groups F and P, 
respectively (NS). Median time to 100% 
healing could not be compared because of 
the few events (<50% of ulcers com- 



Tabk 3— t/lcerartg reduction in Oie study groups 





(cm? 


At the end 
(cm^ 


ReductEon 


Bcducdon 
(% initial area) 


Daily-reduction 
(mm^/day) 


Group P 












Mean 


0,34 


0.27 


0.31 


75.0 


0.56 


SD 
Group F 


0.37 


0.54 


0.24 


39.1 


0.52 










Mean 


0.69. 


0.49 


0.23 


59.3 


0.38. 


SD 


1.27 


1.14 


0.20 


44.5 


0.54 


No statistically signlfieanc dlStrencc found becween »oup 
stee reduction ms considered to tqusd 0. 


« P and F. In cases of e 


ulargement in wound 
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pletely healed) at the end of the study in 
group F. 

The rate of linear advance of heal- 
ing was positive in the two groups, aver- 
aging 0,116 ± 0.129 and 0.053 ± 0.048 
cm at 6 weeks (NS) and 0.184 ± 0.190 
and 0.072 ± 0.089 cm at 11 weete, for 
groups P and F, respectively (P = 0.08 by 
Kruskall-Wallis test). No significant rela- 
tionship was found between initial ulcer 
size and rate of linear advance of the ulcer 
margins. 

Topical bPGF treatment was weE 
tolerated; we observed no clinical drug- 
related adverse events or abnormalities in 
hematological or biochemical data. 

CONCLUSIONS- The main con- 
clusion of this study is that local applica- 
tion of topical bFGF is no more effective 
than placebo to promote healing of neu- 
rotrophic diabetic ulcer of the foot, 
whether healing was expressed function- " 
ally (by Wagner's grade) or quantitatively 
(by measurement from photographs); 
moreover, the only trends we Jound 
showed a beneficial effect of placebo. The 
small size of the groups might have ob- 
scured a positive effect of bFGF. but art 
acceleration of wound healing in diabetic 
patients was recently reported using top- 
ical application of other growth factors in 
a sample of comparable size to this study 
(20).. Of die eight healed ulcers (five in 
group P, three in group F); seven oc- 
curred during the hospital stay, when all 
patients were at bed rest, emphasizing the 
importance of keeping weight off of ulcer 
sites in promoting healing of neuropathic 
ulcers (2-4); this simple measure proba- 
bly accounts for the good results obtained 
with placebo alone. A difference in com- 
pliance to non-weight-bearing recom- 
mendations between die two groups after 
hospital discharge seems unlikely to ac- 
count for the failure of bFGF to accelerate 
healing. Moreover, the number of pa- 
tients studied beyond the . 6th week as ■ 
outpatients was identical iii the two 
groups, and the only ulcer that healed 
during the outpatient period was ob- 
served in group F. Diabetes control also is 



essential to promoting ulcer healing (2). 
In this study, blood glucose control was 
similarly good in both groups as evi- 
denced by glycohemoglobin and fruc- 
tosamine levels; thus, die deleterious role 
of external factors, mechanic or meta- 
boUc, can be ruled out in accounting for 
the poor results with bFGF. 

The result of this trial is rather dis- 
appointing, considering the ph)^iological 
role of bFGF in the healing process and 
the previous iii vivo and in vitro, experi- 
ments using bFGF; 

Diabetes mellitus is characterized 
by failure of wounds to' heal. It has been 
hypodiesized that this defect may result 
from the decrease or unavailabiUty of 
growth factors atthe ulcer site (21). Thus, 
topical application of growth factors 
seems to be a logical means to promote 
wound repair in diabetic patients. Among 
growth factors, one of the most , widely 
studied is bFGF- a hepariit-binding sin- 
gle-chain peptide of 146 amino, acids, 
with a ubiquitous distribution in meso- 
derm- and neurectoderm-derived tissues 
(13), bFGF is a potent mitogen for all cell 
types involved in the wound-healing pro- 
cess and is highly angiogenic and also 
chemotactic for fibroblasts and endothe- 
lial cells- (22). Thus, bFGF appears.to play 
•a major role in wound heahng, acting at 
almost all the steps of this complex pro- 
cess, and may represent a. healing-pro- 
moting agent of potential value . 

In vivo studies in uncompromised 
animal models showed that topical bFGF 
did accelerate healing (12,23). More rele- 
vant to our study are die results obtained 
in- diabetic animals, in db/db mice, it was ■ 
reponed that topical apphcation of bFGF 
resulted in an improvement in tissue re- 
pair (24.25). . 

CUnical trials on the' effect bf 
growth factor application on the healing 
of chronic diabetic wounds remain scarce 
and controversial; . the most extensive 
clinical experience deak vrith the. so- 
called platelet-derived .wound-healing 
formula (PDWHF), a homologous blood 
platelet releasate containing several 
growth factors, mainly platelet factor 4, 



platelet-derived growth factor (PDGF), 
transforming growth factor ^3, and 
^-thromboglobuUn-related peptides 
(26), In randomized, double-blindi, pla- 
cebo-controlled trials, topically applied 
PDWHF significantly accelerated . the 
wound-healing rate of chronic diabetic, 
mainiy neurotrophic, foot ulceis (20,26). 
In contrast; topical PDGF appUed in 25 
diabetic patients with neuropathic ulcers 
did not result in a significant acceleration 
of die heahhg rate (27). In addition, it was 
recently reported that bFGF enhanced 
'stightly. but nonsignificantiy. healing of 
venous and diabetic ulcers in a double- 
blind, randomized aial (31). Thtis clini- 
cal trials using growdi factors have shown 
discrepant results. The poor effect of 
bFGF in the present trial, may be ex- . 
plained in the light of die conflicting data . 
of diese previous studies: the topical, ap- 
plication of a single growth hormone 
would be insufficient to promote healing 
in diabetic neuropathic ulcers, as sug- 
gested by some experimental data. (29). 
Moreover, it was reported that topically 
applied epidermal growth factor and in- 
sulin acted synergistically to improve 
wound healing in.diabetic rats (30). Thus, 
if a single growth factor may accelerate 
tissue repair in the absence of profound 
healing defect (32,33). a "cocktail" of sev- 
eral growth factors might be required to 
induce the same beneficial effect in 
chronic heahng deficiency states such as 
diabetes mellitus. 

The dose of bFGF locally deliv- 
ered on ulcer sites may also be question- 
able. Tn this stiidy,. doses ranging from 
0.25 to 0.75 /ng/cm-^ were delivered at 
each application on the ulcer site, lower . 
than those used in the successful treat- 
ment of pressure sores (29). Nevertheless, 
the dosage used in our trial was based on 
previous animal studies demonstrating 
the efficacy of such doses to promote heal- 
ing in various clinical conditions, includ- 
ing corrieal ulcers (33). On die other 
hand, bFGF was applied only twice a 
week during the last 12 weeks, which 
may explain the poor result beyond this 
tiine point. From this point of view, it is 
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worth noting that the cfikaqr of PDWHF 
in healing diabetic foot ulcere was ob- 
tained by dafly application of the foimuk 
for 20 wecb (20,26). The last point de- 
serving consideration is the galenic for- 
mulation of bFGF. ^ven the feet that the 
product we appUed was a simple coEyr- 
ium. As bFGF, it might be locally de- 
graded and/or adsorbed into the dressing, 
losing part of its eventual efficacy. Indeed, 
it was recently reported that the concen- 
tration of bFGF, in the same formtilation 
we used, decreased by ~50% 4 h after 
contact widi sterile gauze (34). Thus, it is 
possible that incorporatii^ bFGF into a 
gel or a cream might result in a sipiificant 
effea. 

In summary, the results from this 
pilot study do not demonstrate s^ifi- 
cantly Improved healing of neuropathic 
ulceration of the foot in diabetic patients 
treated by toplcaUy applied bFGF com- 
pared with placebo. The lack of a benefi- 
cial effect of bFGF mi^t be explained by 
the profound healing defect in diabetes, 
mellitus, requiring the combination of 
several locally applied and specially for- 
mulated ^owth factors on a daily basis. 

Aclaiowledg;mettts — This study was sup- 
ported by Famiitalia Carlo Erba Laboratory, 
MUano, Italy. 

We are indebted to the nurses' team for 
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